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Abstract 

Background: C-reactive protein (CRP) is a well-established marker of inflammation. The level of CRP is affected by several 
lifestyle factors. A slightly increased CRP level, also known as low-grade inflammation (LGI), is associated with increased risk 
of several diseases, especially cardiovascular disease. The aim of this study was to identify predictors of increased CRP levels 
in healthy individuals. We therefore assessed CRP in a large cohort of blood donors. 

Methods:\Ne measured plasma CRP levels in 15,684 participants from the Danish Blood Donor Study. CRP was measured by 
a commercial assay. Furthermore, all participants completed a standard questionnaire on smoking status, alcohol 
consumption, physical activity, diet, and various body measurements. Female participants also reported the use of 
contraception, childbirth, and menopausal status. The relationship between LGI (defined here as a plasma CRP level 
between 3 mg/L and 10 mg/L) and predictors was explored by multivariable logistic regression analysis. Results were 
presented as odds ratios (OR) with 95% confidence intervals (CI). 

Results: We found LGI in a total of 1,561 (10.0%) participants. LGI was more frequent in women using combined oral 
contraception (OC) (29.9%) than in men (6.1%) and women not using OC (7.9%). Among premenopausal women, OC was 
the strongest predictor of LGI (odds ratio = 8.98, p<0.001). Additionally, body mass index (BMI) and waist circumference 
were positively associated with LGI. 

Conclusion: High BMI and abdominal obesity strongly predicted LGI among healthy individuals. However, the most striking 
finding was the high prevalence of LGI among premenopausal women who used combined oral contraception. Although 
the significance of CRP as a marker of inflammation is well known, the role of CRP in pathogenesis is still uncertain. The 
impact of oral contraception on CRP levels should nevertheless be considered when CRP is used in risk assessment. 
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Introduction 

C-reactive protein (CRP) was the first acute-phase protein to be 
described. It is a general marker of several pathological processes, 
including infection, tissue damage, cancer, and chronic inflam- 
matory disease [1]. Plasma CRP is produced mainly by 
hepatocytes, predominandy under transcriptional control by the 
cytokine IL-6 originating from sites of pathology. CRP recognizes 
altered self and foreign molecules based on pattern recognition [2] 
and activates the classical complement pathway [1]. CRP thus acts 



as an opsonin, which promotes bacterial killing and induction of 
phagocytosis [3] . CRP has also been proposed to take part in the 
formation of atherothrombosis [4] . However, the clinical influence 
of CRP is still not completely understood [1]. 

CRP is a stable analyte with a plasma half-life of about 19 hours 
[1]. CRP levels increase rapidly up to 1000-fold during exposure 
to various inflammatory stimuli [5], and CRP is used routinely as a 
marker of infection often with a cut-off of 10 mg/L [6]. However, 
very low levels of CRP can be measured accurately, and it is thus 
possible to identify individuals with low-grade inflammation (LGI), 
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defined as CRP measurement above 3 mg/L but below (or equal 
to) 10 mg/L. Previous studies suggest that most healthy individuals 
have CRP levels below 3 mg/L [7], but almost one third of all 
apparently healthy Europeans have CRP levels above this level 
[8]. 

LCI is positively associated with obesity, smoking, alcohol 
consumption, and high meat consumption, and is negatively 
associated with physical activity and fruit consumption [9] . Among 
women in the reproductive age, oestrogens protect against the 
development of atherosclerosis, but increased levels of oestrogens 
can induce secondary dyslipidemia (DL). Indeed, DL is sometimes 
observed among users of hormonal contraception, despite the 
lowered doses of oestrogen and progesterone in modern hormonal 
contraceptives. These contraceptives can furthermore affect blood 
pressure and coagulation factors, and use of combined oral 
contraception (OC) increases the level of CRP in healthy women 
[10]. Such observations have sparked a debate concerning the 
association between modern hormonal contraception and the risk 
of cardiovascular diseases [11]. 

A CRP levels above 10 mg/L is associated with increased risk of 
several diseases [12] including stroke, coronary heart disease 
[13,14], rheumatoid arthritis [15], hypertension [16], and 
colorectal cancer [17]. Similarly, LCI is associated with increased 
risk of coronary heart disease [13] and rheumatoid arthritis [15]; 
indeed, CRP is widely used as a measure of LGI in cardiovascular 
risk assessment [4,18]. But to rely on CRP for risk prediction, one 
must identify predictors of increased CRP among healthy 
individuals. Blood donors represent a healthy subset of the general 
population [19,20] and are thus, suited for the current study. We 
analysed levels of CRP measurements from 15,658 participants in 
The Danish Blood Donor Study (DBDS), we determined the 
distribution of CRP, estimated the prevalence of LGI and 
identified predictors of LGI. 

Methods 

Ethics Statement 

Oral and written informed consent was obtained from all 
participants. The study was approved by The Scientific Ethical 
Committee of Central Denmark (M-20090237). Additionally, the 
biobank and research database have been approved by the Danish 
Data Protection Agency (2007-58-0015). 

Participants 

We studied participants from DBDS; which is an ongoing 
initiative established in March 20 1 0 as a multicenter, public-health 
study and biobank (www.dbds.dk). In DBDS, repeat blood donors 
between 18 and 67 years (inclusive) are informed of the study both 
orally and in writing, and are then invited to participate. If the 
donor agrees, a four-page questionnaire is completed and routine 
blood samples taken. The questionnaire addresses smoking status, 
alcohol consumption, physical activity, diet, anthropometric 
measurements, and (among women) use of contraception, 
childbirth, and menopausal status. During the first three years, 
80,000 Danish blood donors have thus far been included. Overall, 
fewer than 5% of the donors asked have declined the invitation to 
participate [21]. All participants in the present study were 
therefore healthy, non-pregnant, and non-lactating adults. 

From 1 March to 31 December, 2010, 25,877 participants were 
included in DBDS. CRP was measured in plasma samples for 
15,070 (91.0%) participants included between March and August 
and for 2,855 (30.7%) participants included between September 
and December. CRP was measured by a commercially available, 
high-sensitivity assay on an automated system (Ortho Vitros 5600, 



Ortho Clinical Diagnostics, Rochester, NY, USA). Blood was 
collected in ethylenediamine tetraacetic acid (EDTA)-containing, 
gel-separated tubes, centrifuged within six hours and stored at — 
20°C. Samples were stores for less than 12 months before CRP 
measurement. Measurements in thawed EDTA plasma were 
validated against fresh serum, the test material recommended by 
the manufacturer. The two measures were highly correlated (R 2 : 
0.98). The CRP levels were lower in plasma (slope: 0.935). The 
coefficient of variation for the assay was £4.8%. The measuring 
range of the assay was 0.10 to 15.00 mg/L. A default value of 
0.05 mg/L was assigned to samples below the lower limit of 
detection; no samples beyond the upper limit of detection were 
found. 

We excluded 170 individuals with CRP levels above 10 mg/L. 
Of these, 82 were premenopausal women using OC, 38 were 
premenopausal women not using OC, 14 were postmenopausal 
women and 36 were men. Only 23 participants had CRP levels 
greater than 1 4 mg/L. In addition, we excluded participants who 
failed to respond to certain questionnaire items; namely current 
smoking (289 participants were excluded), height (167), weight 
(66), body mass index (BMI) (217), waist (1,232), physical activity 
at work (84), leisure-time physical activity (82), meat intake (1 12), 
fish consumption (237), combined oral contraception (OC) (32), 
progesterone-only pill (POP) (32), hormone releasing intrauterine 
device (IUD) (32) and birth giving (1 1). In total, 1,200 women and 
1,045 men were thus excluded. The cumulative tobacco con- 
sumption (pack years) could not be estimated for an additional 745 
participants. Because of the size of this group, these participants 
were excluded only from analyses in which pack-years was 
included as a predictor. 

Statistical Analysis 

The characterization of the cohort was stratified by sex and 
current smoking status, and data were presented as numbers, 
medians with ranges, or frequency statistics. 

For women, the analyses were further stratified by menopausal 
status as reported by the women in the questionnaire. For 102 
women, menopausal status was defined according to age because 
information about menopausal status was missing (premenopausal: 
age <52 years; postmenopausal: age &52 years) [22]. Addition- 
ally, the premenopausal women were stratified according to the 
use of OC. Groups were compared by the two-sample T-test for 
normally distributed data, the A" 2 test for categorical data, and the 
Mann- Whitney U-test for non-normally distributed data. 

The distribution of CRP was skewed to the right. The 
relationship between LGI (3 mg/L<CRP^10 mg/L) and predic- 
tors was explored by multivariable logistic regression analysis 
stratified as explained above. Results were presented as odds ratios 
(OR) with 95% confidence intervals (CI). 

The explored predictors included obesity (yes/no), defined as 
BMI greater than or equal to 30 kg/m 2 [23,24]; abdominal 
obesity (yes/no) defined in accordance with recommendations 
from WHO [25] as waist circumference greater than 80 cm for 
women and 94 cm for men; current smoking (yes/no), cumulative 
tobacco consumption in pack years (one pack year was defined as 
20 g of tobacco every day for one year [26], where a cigarette was 
estimated to contain 1 g of tobacco; and a cheroot, a cigar, or a 
pipe 3 g of tobacco [27]); age (ten-year increments); physical 
activity at work (high vs. low, see definition below); leisure-time 
physical activity (high vs. low, see definition below); meat intake at 
least once per week (yes/ no); and fish consumption (at least twice 
per week or not) [28,29]. Additionally, childbirth (yes/no) was 
included as a predictor among women. For premenopausal 
women, OC, POP, and hormone-releasing IUD were included 
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as predictors. The use of these methods of contraception was not 
independent. Therefore, each group of participants using a specific 
method of contraception was compared with participants not 
using either of OC, POP, or hormone-releasing IUD, e.g. OC 
users were compared to a group of POP nonusers and IUD 
nonusers. 

Low physical activity at work was defined as mainly sitting or 
standing and occasionally walking. High physical activity at work 
was defined as walking and lifting occasionally; or heavy physical 
work. Low leisure-time physical activity was defined as light 
physical activity less than 2 hours per week or two to four times per 
week. High leisure-time physical activity was defined as light 
physical activity more than 4 hours a week, or fatiguing physical 
activity for at least 2 per week [30] . 

Statistical analysis was performed using Stata/IC 1 1 .0 for 
Windows (StataCorp LP, College Station, Texas, USA). A p- 
value below 0.05 was considered significant. 

Results 

Characteristics of the Cohort 

The characteristics of the cohort are presented in Table 1. The 
study comprised 15,684 individuals; 46.7% women and 53.3% 
men. On average, men were 2.3 years older than women (Mean 
age 40.8 years for men and 38.6 years for women, respectively, p< 
0.0001). Smokers constituted 16.4% and 15.6% of women and 
men, respectively. BMI was similar for smokers and non-smokers 
(women: p = 0.47; men: p = 0.45). Smokers were slightly older than 
non-smokers (women: mean difference between smokers and non- 
smokers.: 0.97 years, CI: 0.21-1.74 years, p = 0.01; men: mean 
difference 0.86 years, CI: 0.15-1.58 years, p = 0.02). 

Low-grade Inflammation was more Frequent among 
Women and Smokers 

In the total cohort, 1,561 (10.0%) had LCI. The CRP level was 
higher among women than among men (Mann-Whitney U test: 
p<0.0001) and higher for smokers than non-smokers (women: 
p = 0.008, men: p<0.0001) (Figure 1). Analogously, LGI was more 
frequent in women than in men (14.4% vs. 6.1%, p<0.001) and 
more frequent in current smokers than in those who had never 
smoked among men, but not among women (men, smokers: 
10.0%, never-smokers: 4.9%, p<0.001; women, smokers: 15.8%, 
never-smokers: 15.1%, p = 0.56) (Table 1). Even after excluding 
premenopausal women using OC, more women than men had 
LGI (premenopausal women not using OC vs. men: p = 0.037; 
postmenopausal women vs. men: p<0.001). Additionally, more 
current smokers than ex-smokers had LGI (women, ex-smokers: 
12.6%, smokers vs. ex-smokers: p = 0.01 1; men, ex-smokers: 6.4%, 
p<0.001). 

Low-grade Inflammation was Strongly Associated with 
the Use of Combined Oral Contraception 

A total of 29.9% of premenopausal women using OC had LGI 
(Table 2). In comparison, only 7.1% of premenopausal women not 
using OC had LGI (p<0.001). The percentage of women with 
LGI was higher among postmenopausal women than premeno- 
pausal women not using OC (9.8% and 7.1%, respectively, 
p = 0.001). Because of the effect of OC, subsequent analysis was 
stratified for menopausal status and use of OC (Table 2). There 
was no difference in the prevalence of LGI between smokers and 
non-smokers among premenopausal women, regardless of the use 
of OC (OC: p = 0.83, no-OC: p = 0.38). However, for postmen- 
opausal women, the percentage of LGI was higher among current 
smokers compared with non-smokers (p<0.001). 



Predictors of LGI 

In the adjusted logistic regression analysis OC remained a 
powerful predictor of LGI (premenopausal women using OC: 
OR =8.98, p<0.001) and subsequent analyses were stratified for 
sex and (for women) menopausal status and the use of OC 
(Table 3). For all four groups, the following predictors were 
included: obesity (BMIS30 kg/m 2 ), current smoking, age, and 
physical activity during leisure-time and at work. In addition, 
childbirth was included as a predictor among women. Among 
non-OC-users, POP and hormone-releasing IUD were predic- 
tors. When waist circumference was added to the model, BMI was 
excluded. Thus, either BMI or waist circumference was used as a 
measure of obesity. A BMI equal to or greater than 30 kg/m 2 was 
positively associated with LGI in all four groups. Similarly, a waist 
circumference greater than 80 cm for women and 94 cm for men 
predicted LGI in all four groups. Consumption of meat or fish was 
not associated with LGI in any group. 

Use of POPs was not significantly associated with LGI in the 
relevant group of premenopausal women not using OC or 
hormone-releasing IUD even though a trend was observed 
(OR=1.72, CI = 0.87-3.38, p = 0.12). Furthermore, the use of 
hormone-releasing IUD was not associated with LGI among 
premenopausal women when compared with a group of non-OC 
and non-POP users (OR = 0.77, p = 0.22). 

A positive association between current smoking and LGI was 
present for postmenopausal women and for men (women: 
OR=2.23, CI= 1.47-3.40, p<0.001; men: OR= 1.87, 
CI= 1.51-2.23, p<10 8 ). Current smoking did not influence the 
risk of LGI among premenopausal women (taking OC: p = 0.76; 
not taking OC: p = 0.38). The cumulative tobacco consumption, 
defined as pack years, was not associated with LGI. 

Age, as a continuous parameter, predicted LGI among men and 
among women taking OC (OR= 1.24 with age 10 years higher, 
p<10 , OR= 1.27, p = 0.010, for men and OC-using women, 
respectively), but not among postmenopausal women and 
premenopausal women not taking OC (p = 0.59, p = 0.33, 
respectively) (Table 3). 

Physical activity at work predicted LGI among men with 
borderline significance only (OR=1.22, CI = 1.00-1.49, 
p = 0.052). Leisure-time physical activity was associated with 
lower risk of LGI in premenopausal women taking OC, 
premenopausal women not taking OC and postmenopausal 
women (p = 0.002, p = 0.013, p = 0.038, respectively), but not 
among men (p = 0.1 16) (Table 3). 

Finally, the variation of LGI during the year was tested. No 
seasonal variation of LGI was found in logistic regression analysis 
adjusted for sex and age (p = 0.98). 

Discussion 

In this large study of 15,684 healthy blood donors, we showed, 
that BMI and waist circumference were positively associated with 
LGI. Importantly, we also identified OC as a strong predictor of 
LGI in premenopausal women. 

In the present study, more women than men had LGI. In a 
French study of 3,605 healthy individuals, men and women did 
not differ with respect to CRP [5]. In another study of 22,403 
individuals, Rifai et al found no effect of gender on CRP levels 
when women taking hormone replacement therapy (HRT) were 
excluded from analysis (HRT increases CRP levels) [7]. However, 
in a German cohort, women had slighdy, but significandy, higher 
CRP levels than men, possibly because estrogen affects CRP levels 
directly [31]. We found that OC was a very strong predictor of 
LGI among premenopausal women (OR = 8.98). When stratified 
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Table 1. Characteristics of the cohort stratified by sex and smoker status. 





Women (n = 7318) 




Men (n = 8366) 






Non-smoker 


Current smoker 


Non-smoker 


Current smoker 


Number of participants 


6,112 (83.5%) 


1,202 (16.4%) 


7,061 (84.4%) 


1,305 (15.6%) 


Age, years 


37.4 (27.1;47.7) 


39.4 (28.2;48.7) 


40.2 (30.5;49.6) 


41.1 (31 .1 ;51 .5) 


Weight, kg 


67.0 (61.0;75.0) 


67.0 (62.0;75.0) 


84.0 (76.0;92.0) 


84.0 (76.0;92.0) 


Height, cm 


169 (165,173) 


169 (165;173) 


182 (178,187) 


182 (178;187) 


BMI, kg/m 2 


23.4 (21.5;26.0) 


23.7 (21.6;26.2) 


25.1 (23.3;27.4) 


25.2 (23.5;27.2) 


Obesity, BMI>30 kg/m 2 


562 (9.2%) 


1 1 2 (9.3%) 


692 (9.8%) 


146 (11.2%) 


Ex-smoker 


1891 (25.8%) 




1915 (22.9%) 




High physical activity, work 


1,213 (19.8%) 


301 (25.0%) 


1645 (23.3%) 


442 (33.9%) 


High physical activity, leisure 


4,203 (68.8%) 


722 (60.1%) 


5,008 (70.9%) 


827 (63.4%) 


Waist circumference, cm 


82.0 (76.0;90.0) 


83.0 (77.0;91.0) 


92.0 (86.0;99.0) 


92.0 (86.0;99.0) 


Waist circumference above 
80 cm for women and 94 cm 
for men 


3358 (54.9%) 


714 (59.4%) 


2871 (40.7%) 


522 (40.0%) 


Pack years if smoker or 
ex-smoker 


5.0 (1.2;11.3) 


7.0 (1.6;16.3) 


7.5 (2.4;16.8) 


10.5 (2.4;22.5) 


CRP, mg/l 


0.7 (0.2;1.8) 


0.7 (0.2;2.0) 


0.4 (0.1 ;1 .0) 


0.6 (0.2;1.5) 


CRP>3 mg/L* 


863 (14.1%) 


190 (15.8%) 


378 (5.4%) 


130 (10.0%) 


CRP>5 mg/L 


355 (5.8%) 


80 (6.7%) 


132 (1.9%) 


52 (4.0%) 


Meat consumption (yes) 


6024 (98.6%) 


1184 (98.5%) 


7030 (99.6%) 


1300 (99.6%) 


Fish consumption a least twice weekly 


2808 (45.9%) 


514 (42.8%) 


2922 (41 .4%) 


500 (38.3%) 


Combined oral contraceptive 
pill (yes) 


1856 (30.4%) 


322 (26.8%) 






Progesterone-only pill (yes) 


127 (2.1%) 


19 (1.6%) 






Hormone-releasing IUD (yes) 


580 (9.5%) 


108 (9.0%) 







Numbers with percentages or medians with interquartile ranges. *Note that this group also includes participants with CRP greater than 5 mg/L. 
doi:1 0.1 371 /journal.pone.00881 96.t001 
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Figure 1. CRP levels in the cohort. Box-and-whisker plot showing the CRP levels in the four groups stratified according to smoking status. The 
boxes span the interquartile range with a line at the median. The whiskers represent the highest and the lowest values within 1.5 interquartile range 
of the nearer quartile. Due to the large size of the study, outliers are not shown. Pre+OC: premenopausal women using combined oral contraception 
(OC), pre-OC: premenopausal women not using OC, post: postmenopausal women. 
doi:1 0.1 371 /journal.pone.00881 96.g001 
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for the use of OC, 29.9% of the users and 7.1% of the non-users 
had CRP above 3 mg/L. OC may affect the hepatic CRP 
synthesis directly without a general inflammatory response 
mediated by interleukin 6 (IL-6) or endothelial activation [32]. 
This link between OC and increased CRP is relevant for risk 
assessment of CVD, where an increased CRP is a risk factor 
[33,34]. The use of OC may thus increase the risk of CVD, 
however we do not know whether CRP is a cause rather than a 
consequence of disease or merely an unimportant artefact of using 
OC [35]. Our study does not allow us to make this crucial 
distinction. Thus, future perspectives of this study are to investigate 
whether increased CRP due to OC has pathological consequences. 

The method used for CRP measurement may impact results. In 
some studies, lower levels of CRP have been reported in EDTA 
samples (8-12% lower) than in serum samples [36]. We also found 
lower levels in thawed plasma than in serum. In the studies cited 
above, CRP was measured by different methods (various 
commercial assays), in different material (serum or plasma, with 
various means of anticoagulation) stored for different time periods 
and at different temperatures. Therefore, the comparison of 
absolute levels between studies may not be accurate. However, as 
we and others performed within-study comparisons it is unlikely 
that the method used has impacted conclusions of predictors of 
LCI. 

Other smaller studies report a similar impact of OC on CRP. 
For example, Buchbinder et al. find that CRP levels are affected 
by BMI and OC use in a study of 850 blood donors. In this study, 
the combination, the combination of overweight and OC use 
results in a six-fold increase in median CRP levels among women. 
In addition, age and smoking are factors of lower significance [37]. 
In a population-based study of 2,120 adults from Finland aged 24— 
39 years, BMI and OC-use have the greatest influence on CRP 
levels. Furthermore, among men, smoking and waist circumfer- 
ence affect CRP levels [38]. Finally, similar results of obesity and 
OC use are found by Hung et al., among 4,009 Australian adults 
[39]. 

In our study, current smoking was associated with LCI only 
among postmenopausal women and men but not among 
premenopausal women. There was no association between 
cumulative tobacco consumption and LCI within the strata. To 
examine this discrepancy, we compared the cumulative tobacco 
consumption between premenopausal and postmenopausal wom- 
en. We found a markedly higher cumulative tobacco consumption 
among postmenopausal women (median pack-years, premeno- 
pausal women vs. postmenopausal women: 5.0 vs. 17.5, Mann- 
Whitney U-test: p<0.0001). The difference in exposure leads us to 
speculate that postmenopausal women were more heavily exposed 
and thus more prone to develop LGI. Conversely, the premen- 
opausal women might not yet have experienced the negative 
effects of smoking simply because they are younger. 

Hormone-releasing IUD is a highly effective contraceptive 
widely used in Northern Europe. A study of 2,814 Finish 31 -year 
old women found that OC-users, but not hormone-releasing IUD- 
users have higher serum CRP levels than non-hormonal contra- 
ception users. Furthermore, there is no statistically significant 
difference in CRP between POP-users and the reference group 
[34]. 

The use of OC, however, may be associated with several 
confounders. The main method of contraception in Europe is OC 
[40], and, in Denmark, approximately 68% of all women in the 
reproductive age use hormonal contraception at some point [41]. 
Moreover, OC use offers several non-contraceptive benefits, 
including reduced dysmenorrhea, reduced pain due to endome- 
triosis, regular bleeding patterns, less menstrual bleeding, clearing 
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of acne, reduced risk of ovarian epithelial cancer and endometrial 
cancer without increasing the risk for breast cancer [42,43]. 
Overall, OC has as positive benefit-risk ratio, but the risk of 
venous thromboembolism is increased 3-4 fold [43] . Furthermore, 
the risk of venous thromboembolism varies with different types of 
progestogens and varying doses of oestrogen. An association 
between LGI and venous thromboembolism has been suggested 
[44]. We suggest to further investigate the impact of OC-related 
CRP increase on the risk of venous thromboembolism, including 
the association between LGI and the various generations of OC. 

The frequency of non-contraceptive use of OC is not known, 
but it is expected that around 50% of OC users rely on OC for 
non-contraceptive effects. In particular, OC has a well-document- 
ed effect on dysmenorrhea and endometriosis-related pain, which 
affect up to 15% of pre-menopausal women [45,46]. Although the 
mechanism is unclear, LGI may play a role in the pathogenesis of 
endometriosis [47]. Whether the high prevalence of LGI among 
OC users can be pardy explained by a pre-existing gynecological 
condition remains to be elucidated. 

External and Internal Validity 

In the present study a total of 10.0% of participants had LGI. 
This corresponds well with other studies of healthy European and 
American populations [8,13]. In contrast, up to one third of all 
Europeans have LGI [8]. Because blood donors must fulfil strict 
health and lifestyle criteria, they represent a healthy subset of the 
general population [19,20]; indeed, CRP values among blood 
donors are slightly lower compared with apparently healthy 
individuals from the general population [31]. A study of 468 
healthy young adult blood donors found a median CRP 
concentration of 0.8 mg/L, a 90-percentile of 3.0 mg/L, and a 
99-percentile of 10 mg/L [1]. These results compare to our 
findings of 0.5 mg/L (median), 3.3 mg/L (90-percentile) and 
9.9 mg/L (99-percentile). It should be noted, that we did not have 
information on ethnicity, and we were thus not able to adjust the 
analyses accordingly. 

In our study 170 (1.1%) participants had CRP levels greater 
than 10 mg/L. No participants had CRP above 15 mg/L. We 
suggest that CRP levels of 10-15 mg/L were due to OC, higher- 
than-normal LGI, or mild asymptomatic infections [1]. 

References 

1 . Pcpys MB, Hirschfield GM (2003) C-reactive protein: a critical update. J Clin 
Invest 111: 1805-1812. doi: 10. 1 1 72/JCI 1892 1 . 

2. Du Clos TW (2000) Function of C-reactive protein. Ann Med 32: 274-278. 

3. Rhodes B, Furnrohr BG, Vysc TJ (2011) C-rcaetive protein in rheumatology: 
biology and genetics. Nat Rev Rheumatol 7: 282-289. doi:10.1038/ 
nrrheum.201 1.37. 

4. Grad E, Danenberg HD (2013) C-reactive protein and atherothrombosis: Cause 
or effect? Blood Rev 27: 23-29. doi:10.1016/j.blrc.2012. 12.001. 

5. Chenillot O, HcnnyJ, Stcinmetz J, Hcrbcth B, Wagner C, ct al. (2000) High 
Sensitivity C-Rcactive Protein: Biological Variations and Reference Limits. Clin 
Chcm Lab Med 38: 1003-1011. doi:10.1515/CCLM.2000.149. 

6. Kluft C, dc Maat MPM (2002) Sensitive markers of inflammation make it 
possible to study the chronic process: the rise of interest in low levels of C- 
reactive protein. Vascul Pharmacol 39: 99-104. 

7. Rifai N, Ridker PM (2003) Population distributions of C-reactive protein in 
apparently healthy men and women in the United States: implication for clinical 
interpretation. Clin Chcm 49: 666-669. 

8. Imhof A, Frohlich M, Loewel H, Helbecque N, Woodward M, et al. (2003) 
Distributions of C-rcactivc protein measured by high-sensitivity assays in 
apparently healthy men and women from different populations in Europe. Clin 
Chem 49: 669-672. 

9. Villegas R, Xiang YB, Cai H, Elasy T, Cai Q, ct al. (2010) Lifestyle determinants 
of c-reactive protein in middle-aged, urban Chinese men. Nutr Metab 
Cardiovasc Dis NMCD. Available: http://www.ncbi.nlm.nih.gov/pubmed/ 
21111583. Accessed 4 July 2011. 

10. Dreon DM, SlavinJL, Phinney SD (2003) Oral contraceptive use and increased 
plasma concentration of C-reactivc protein. Life Sci 73: 1245-1252. 
doi: 10.101 6/S0024-3205(03)00425-9. 



Blood donors also have a healthier lifestyle than the general 
population. Current smoking is more frequent among the general 
population: 24.1% of Danish men and 20.9% of Danish women 
are current smokers versus 15.6% and 16.4%, respectively, among 
blood donors. Further, 15.3% of Danish men and 13.6% of 
Danish women are obese compared to 10.0% and 9.2%, 
respectively, among Danish blood donors [48], Our study 
population is thus highly selected and consequently the findings 
may not be directiy applicable to other populations. However, the 
fact that the study was based on healthy individuals does allow us 
to eliminate the effect of overt disease on CRP. 

CRP was measured on donors spread throughout the year with 
most during the summer season. However, no seasonal variation 
in the presence of LGI was found. 

Apart from selection, information bias and non-response, as 
discussed above, our study is cross-sectional, and the causal 
directions between the variables studied can therefore not be 
established. 

Conclusion 

Among premenopausal women, the strongest predictor of low- 
grade inflammation was the use of OC. Although CRP may not be 
causally involved in the development of pathology, the use of 
combined oral contraception should be taken into account when 
CRP is used in risk assessments. Further, high BMI and waist 
circumference were strong predictors for LGI among healthy 
individuals. 

Acknowledgments 

We thank the Danish blood donors for their participation. 

Author Contributions 

Conceived and designed the experiments: OBP BM HU CE. Performed 
the experiments: OBP MSP ES SK LWT BM HU CE. Analyzed the data: 
CJS OBP MSP ES HH ASR KR MR HU CE. Contributed reagents/ 
materials/analysis tools: CJS OBP MSP ES SK LWT HH ASR BM KR 
HU CE. Wrote the paper: CJS OBP MSP ES SK LWT HH ASR BM KR 
MR HU CE. 



11. Soska V, FialaJ, Nebeska K, Jarkovsky J, Hruba D (2011) The atherogenic 
index of plasma is increased by hormonal contraception. Scand J Clin Lab 
Invest: 1-7. doi:10.3109/00365513.201 1.553240. 

12. Allin KH, Nordestgaard BG (201 1) Elevated C-reactive protein in the diagnosis, 
prognosis, and cause of cancer. Crit Rev Clin Lab Sci 48: 155-170. 
doi: 1 0.3 1 09/10408363.20 1 1 .59983 1 . 

13. Hage FG, Szalai AJ (2007) C-Rcactivc Protein Gene Polymorphisms, C- 
Rcactivc Protein Blood Levels, and Cardiovascular Disease Risk. J Am Coll 
Cardiol 50: 1115-1122. doi:10.1016/j.jacc.2007.06.012. 

14. Emerging Risk F actors Collaboration, Kaptogc S, Di Angelantonio E, Lowe G, 
Pcpys MB, ct al. (2010) C-reactivc protein concentration and risk of coronary 
heart disease, stroke, and mortality: an individual participant meta-analysis. 
Lancet 375: 132-140. doi:10.1016/S0140-6736(09)61717-7. 

15. Nielcn MMJ, Van Schaardenburg D, Reesink HW, Twisk JWR, Van Dc Stadt 
RJ, ct al. (2004) Increased levels of C-reactive protein in serum from blood 
donors before the onset of rheumatoid arthritis. Arthritis Rheum 50: 2423-2427. 
doi:10.1002/art.20431. 

16. Scsso HD, BuringJE, Rifai N, Blake GJ, Gaziano JM, ct al. (2003) C-reactive 
protein and the risk of developing hypertension. JAMA J Am Med Assoc 290: 
2945-295 1 . doi: 1 0. 1 00 1 /jama.290.22.2945. 

17. Tsilidis KK, Branchini C, Guallar E, Helzlsouer KJ, Erlinger TP, et al. (2008) 
C-reactive protein and colorectal cancer risk: a systematic review of prospective 
studies. IntJ CancerJ Int Cancer 123: 1133-1140. doi:10.1002/ijc.23606. 

18. C-Rcactivc Protein, Fibrinogen, and Cardiovascular Disease Prediction (2012). 
N Engl J Med 367: 1310-1320. doi:10.1056/NEJMoal 107477. 

19. Edgrcn G, Tran TN, Hjalgrim H, Rostgaard K, Shanwcll A, ct al. (2007) 
Improving health profile of blood donors as a consequence of transfusion safety 



PLOS ONE | www.plosone.org 



7 



February 2014 | Volume 9 | Issue 2 | e88196 



Predictors of Low-Grade Inflammation 



efforts. Transfusion (Paris) 47: 2017-2024. doi:10.1 1 1 1/j. 1537-2995.2007.014 
25.x. 

20. Atsma F, Vcldhuizcn I, de Vegt F, Doggcn C, dc Kort W (201 1) Cardiovascular 
and demographic characteristics in whole blood and plasma donors: results from 
the Donor InSight study. Transfusion (Paris) 51: 412-420. doi: 10. 1 1 1 1/j. 1537- 
2995.2010.02867.x. 

21. Pcdcrsen OB, Erikstrup C, Kotze SR, Sorcnscn E, Petersen MS, et al. (2012) 
The Danish Blood Donor Study: a large, prospective cohort and biobank for 
medical research. Vox Sang 102: 271-271. doi: 1 0. 11 1 1 /j. 1 42 3-04 10.2011.015 
53.x. 

22. Lxgchandbogen: Klimaktcriet. Available: https:/ /www. sundhed.dk/ 
sundhcdsfaglig/lacgchaandbogcn/ gynackologi/ tilstandc-og-sygdommc/ 
diverse/klimakteriet/. Accessed Martz 2011 (n.d.). 

23. NHLBI Obesity Education Initiative Expert Panel on the Identification E (1998) 
Clinical Guidelines on the Identification, Evaluation, and Treatment of 
Overweight and Obesity in Adults. Available: http://www.nebi.nlm.nih.gov/ 
books/NBK2003/. Accessed 24 June 2013. 

24. Cnattingius S, Villamor E, Johansson S, et al (2013) MAternal obesity and risk of 
preterm delivery. JAMA 309: 2362-2370. doi:10.1001/jama.2013.6295. 

25. Waist Circumference and Waist-Hip Ratio. Report of a WHO Expert 
Consultation, Geneva, 8-11 December 2008. Available: http://www.who.int/ 
nutrition/publications/obesity/WHO_report_waistcireumference_and_w'aisthip_ 
ratio/en/. Accessed 2011. (n.d.). 

26. Afzal S, Bojesen SE, Nordestgaard BG (2013) Low Plasma 25-Hydroxyvitamin 
D and Risk of Tobacco-Related Cancer. Clin Chem 59: 771-780. doi:10.1373/ 
clinchem.2012.201939. 

27. MIT LIV - MIN SUNDHED 2007-2009. Availablc://www.laengclcvckbh.kk. 
dk/Sunclhcd/ WmccUa/folkcsundhcd/F 

minsundhcd.ashx. Accessed November 2009. (n.d.). 

28. Fodevarestyrclscn (n.d.) Tips om fisk. Ministcriet for familie- og forbrugcr- 
anliggcndcr. Fodevarestyrclscn. Available http: / / www.focdcvarcstyrelsen.dk/ 
Publikationer/Alle%20publikationer/2005208.pdf. Accessed February 2005. 

29. Krauss RM, Eckel RH, Howard B, Appel LJ, Daniels SR, et al. (2000) AHA 
Dietary Guidelines: revision 2000: A statement for healthcare professionals from 
the Nutrition Committee of the American Heart Association. Stroke J Cereb 
Circ 31: 2751-2766. 

30. Lee J, Nordestgaard BG, Dahl M (2009) Elevated ACE activity is not associated 
with asthma, COPD, and COPD co-morbidity. Respir Med 103: 1286-1292. 
doi:10.1016/j.rmed.2009.04.003. 

31. Hutchinson WL, Koenig W, Frdhlich M, Sund M, Lowe GDO, et al. (2000) 
Immunoradiometric Assay of Circulating C-Rcactivc Protein: Age-related 
Values in the Adult General Population. Clin Chem 46: 934-938. 

32. Van Rooijen M, Hansson LO, FrostcgaxdJ, Silvcira A, Hamsten A, et al. (2006) 
Treatment with combined oral contraceptives induces a rise in serum C-reactive 
protein in the absence of a general inflammatory response. J Thromb Haemost 
4: 77-82. doi: 10. 1 1 1 1/j. 1538-7836.2005.01690.x. 

33. Ridker PM (2001) High-sensitivity C-reactive protein: potential adjunct for 
global risk assessment in the primary prevention of cardiovascular disease. 
Circulation 103: 1813-1818. 

34. Morin-Papunen L, Martikainen H, McCarthy MI, Franks S, Sovio U, et al. 
(2008) Comparison of metabolic and inflammatory outcomes in women who 



used oral contraceptives and the levonorgestrel-releasing intrauterine device in a 
general population. AmJ Obstet Gynecol 199: 529.el-529.cl0. doi:10.1016/ 
j.ajog.2008.04.013. 

35. Saadeddin SM, Habbab MA, Ferns GA (2002) Markers of inflammation and 
coronary artery disease. Med Sci Monit Int Med J Exp Clin Res 8: RA5— 12. 

36. Ledue TB, Rifai N (2001) High sensitivity immunoassays for C-reactive protein: 
promises and pitfalls. Clin Chem Lab Med CCLM FESCC 39: 1 171-1176. 
doi:10.1515/CCLM.2001.185. 

37. Buchbinder S, Kratzsch J, Fiedler GM, Yar V, Brugcl M, et al. (2008) Body 
weight and oral contraceptives are the most important modulators of serum 
CRP levels. Scand J Clin Lab Invest 68: 140-144. doi: 10. 1080/ 
00365510701487727. 

38. Raitakari M, Mansikkaniemi K, MarniemiJ, Viikari JSA, Raitakari OT (2005) 
Distribution and determinants of serum high-sensitive C-reactive protein in a 
population of young adults: The Cardiovascular Risk in Young Finns Study. 
J Intern Med 258: 428-434. doi:10. 1 1 1 1 /j. 1365-2796.2005.01563.X. 

39. HungJ, Knuiman MW, Divitini ML, Davis T, Beilby JP (2008) Prevalence and 
risk factor correlates of elevated C-reactive protein in an adult Australian 
population. AmJ Cardiol 101: 193-198. doi:10.1016/j.amjcard.2007.07.061. 

40. Skouby SO (2010) Contraceptive use and behavior in the 21st century: a 
comprehensive study across five European countries. Eur J Contracept Reprod 
Health Care 15: S42-S53. doi:10.3109/13625187.2010.533002. 

41. Lidcgaard 0, Nielsen LH, Skovlund CW, Skjeldestad FE, Lokkegaard E (2011) 
Risk of venous thromboembolism from use of oral contraceptives containing 
different progestogens and oestrogen doses: Danish cohort study, 2001—9. BMJ 
343: d6423. 

42. Shulman LP (2011) The state of hormonal contraception today: benefits and 
risks of hormonal contraceptives: combined estrogen and progestin contracep- 
tives. AmJ Obstet Gynecol 205: S9-S13. doi: 10.1016/j.ajog.201 1.06.057. 

43. Wilson NM, Laursen M, Lidcgaard 0 (2012) Oral contraception in Denmark 
1998-2010. Acta Obstet Gynecol Scand 91: 810-815. doi: 10. 1 1 1 1/j. 1600- 
0412.2012.01416.x. 

44. Salobir B, Sabovic M (2006) A metabolic syndrome independent association 
between overweight, fibrinolysis impairment and low-grade inflammation in 
young women with venous thromboembolism. Blood Coagul Fibrinolysis Oct 
2006 17: 551-556. doi:10.1097/01.mbc.0000245298.64644.0a. 

45. Dawood MY (2006) Primary dysmenorrhea: advances in pathogenesis and 
management. Obstet Gynecol 108: 428-441. doi:10.1097/01.AOG.0000230 
214.26638.0c. 

46. Janssen EB, Rijkers ACM, Hoppenbrouwers K, Meuleman C, D'Hooghe TM 
(20 1 3) Prevalence of endometriosis diagnosed by laparoscopy in adolescents with 
dysmenorrhea or chronic pelvic pain: a systematic review. Hum Reprod Update 
19: 570-582. doi:10.1093/humupd/dmt016. 

47. Koninckx PR, Kennedy SH, Barlow DH (1998) Endometriotic disease: the role 
of peritoneal fluid. Hum Reprod Update 4: 741-751. doi:10.1093/humupd/ 
4.5.741. 

48. Koch MB, Davidson M, Juel K (n.d.) Social ulighed i sundhed, sygelighed og 
trivsel 2010 og udviklingen siden 1987. Statens Institut for Folkesundhed, 
Syddansk Universitet, Kobcnhavn 2012. Available: http://www.si- 
folkcsundhed.dk/upload/social_ulighcd_164_sider_maj_2012.pdf. Accessed 
May 2012. 



PLOS ONE | www.plosone.org 



8 



February 2014 | Volume 9 | Issue 2 | e88196 



